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List of Abbreviations 
The following abbreviations will be used throughout 
the test of this paper. 
<lien= diethylenetriamine = NH2CHzCH2NHCHzCH2NHz 
dien-H = (NHzCHzCHzNCHzCHzNHz)- 
Etzdien = 1,1 - diethyldiethylenetriamine 
= (C2H5)zNCHzCH2NHCHzCHzNH2 
Etzdien-H = ((CzH5)zNCHzCH2NCHzCHzNHz)- 
Et4dien = 1,1,7,7 - tetraethyldiethylenetriamine 
= (CzH5)zNCHzCHzNHCHzCHzN(CzH5)z 
Et4dien-H = ((CzH5)zNCH2CHzNCHzCHzN(CzH5)z)- 
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INTRODUCTION 
The rate expression for the su~stitution of a ligand in 
a square planar complex was first introduced in 1953 by 
Taube and Rich (1). 
While studying the reaction: 
.<Auc14)- + 36c1· ~ (Auc13 36c1)- + er· 
they discovered that it obeyed the rate expression: 
RATE= Kobs (AuC14-) =(Kl+ K2 (36c1-)) (Au Cl4)- 
They determined that the Kz path was a SN2 displacement, 
but were unable to show the exact nature of the K1 path. It 
was postulated however that the K1 path resulted from a 
mechanism in which the complex underwent hydrolysis. This 
conclusion was supported by the fact that the K1 path was 
reagent independent. Similar rate expressions were found to 
apply to the reactions of platinu..m (II), palladium (II) and 
nickel (II) complexes (2, 3, 4). 
It was not until 1961 that any further breakthrough was 
made. In 1961 Gray (5), while studying the aqueous reaction= 
(Pt(dien)X)+ + y- -- (Pt(dien)Y)+ + x- 
concluded that the Ki path involved participation of the 
solvent. He suggested two possible mechanisms for such a path. 
Both mechanisms required the rate controlling formation of an 
aquo complex ion as an intermediate. This intermediate then 
reacted rapidly with the nucleophile. Subsequent experiments 
led him to the conclusion that the rate determining step was 
a displacement reaction resulting in the formation of the 
aquo - intermediate. 
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Basolo and Baddley (6) investigated the kinetics of the 
substitution reactions for several diethylenetriamine com- 
plexes ·of palladium (II).' The reactions of these complexes 
were found to follow the mechanism typical for square planar 
complexes (8) and be consistent with Gray's worko 
However when Basolo and Baddley studied the reactions of 
the related complexes: 
(Pd(Et4dien)Cl)+ and (Pd(McEt4dien)Cl)+ 
they found that the rate expression was almost completely 
independent of the concentration of the entering ligand. The 
rate itself was found to be several orders of magnitude slower 
than the rate for the (Pd(dien)Cl)+ complex. A similar result 
was obtained with the complexes: (Pt(Et4dien)Cl), 
(Au(Et4dien-H)Cl)+ and (Au(Et4dien)Cl)2+ (14). It is known 
that octahedral complexes of Cobalt (III) undergo substitution 
at rates which show no reagent dependency (9). Thus these 
square planar shaped complexes show kinetic behavior which 
is very similar to that of octahedral Cobalt (Ill) ions. 
The explanation has been put forward t.hat this phenomenon 
is related to the bulkiness of the alkyl substituted 
diethylenetriamine complexes. It is suggested that their 
bulkiness shields the metal ion and lnterfem:; with attack 
from above or below the plane of the complex. Thus an SN2 
mechanism of substitution is inhibited. 
The present study was undertaken in the hope of gathering 
some evidence for this postulated steric hinderance by use of 
Nuclear Magnetic Resonance Spectra (NMR). Study was limited 
to one family of complexes, the alkylated diethylenetriamine 
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chloro complexes of gold (III). 
EXPERIMENTAL 
A. RfiliPARATION OF. COMPLEXES 
APPARATUS 
1. Flash Evaporator 
2. Vacuum desiccator 
CHEMICALS 
1. gold powder = fine mesh 
2. diethylenetriamine =once distilled 
b. P. 204-208°C, From Ames Labslnc. 
3. 1,1 - diethyldiethylenetriamine =From 
Ames Labs Inc. 
4. 1,1,7,7 - tetraethyldiethylenetriamine = 
From Ames Labs Inc. 
5. AromoniUin hexaflorophosphato 
Three members of the family of complexes to be studied 
were prepared: 
1. (Au(dien-H)Cl)Cl 
2. (Au(Et2dien-H)Cl)PF6 
3. (Au(Et4dien-H)Cl)PF6 (pseudo-octahedral) 
The complex (Au(dien-H)Cl)Cl was prepared as described by 
Baddley~·~ (6). The complex (Au(Et4dien ... H)Cl)PF6 was pre- 
pared as described by Basolo and Weick (7). The complex 
(Au(Et2dien-H)Cl)PF6 was prepared by the following method 
originally devised by Weick (13). 
PREPARATION OF ~Au(Et2dien-l·J2Cl)P,E5 
The gold containing starting material for the syNthesis 
is tetrachloroauric acid. This is made fresh .for each 
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preparation by adding 2 grams (10.2 rmnoles) of fine gold powder 
to 20 ml of concentrated HCl and 12 ml of concentrated HN03• 
The gold dissolves in a mipute or so resulting in an orange 
solution. This solution is evaporated to 1 to 2 ml, 5 ml of 
concentrated HCl added, and the evaporation repeated. Again 
5 ml of HCl is added and the evaporation repeated. The 
solution crystalizes to a solid mass of tetrachloroauric acid. 
The tetrachloroauric acid is then dissolved in a small amount 
of diethyl ether and kept at 0°C. 
A solution of the Et2dien ligand is made by adding 4 ml 
of the ligand (21.6 mmoles) to 5 ml of ether. The solution 
is cooled to o0c. 
The tetrachloroauric acid solution is added dropwise with 
vigorous stirring to a reaction vessel kept at 0°C (ice bath) 
containing the Et2dien solution. A red visious gum is formed. 
After washing the gum with cold, dry ether to remove excess 
dien the gummy substance is dryed under vacuum using a flash 
evaporator. The resulting red crystals are dissolved in a 
IM solution of ammonium hexaflorophosphate. This red 
solution is then evaporated using the flash evaporator. Dark 
red crystals of the (Au(Et2dien-H)Cl)PF6 complex are collected 
and stored in a desiccator. 
Care should be taken to keep the reaction mixture at 0°C. 
Failure to do so will greatly decrease yield because of re- 
duction to elemental gold. Care should also be taken to wash 
the visious intermediate well with dryed ether and to dry the 
intermediate well under vacuum. 
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B. SPECTA 
APPARATUS 
The instrument used·was the Varian A-60 NMR 
spectrometer. All spectra were run at magnet temperature 
(40°C). 
SOLVENTS 
·1. Acetons (d6), 99.5% D, Stohler Isotope 
Chemicals. 
2. Deuterium Oxide, 99.8% D, Deuter AR, 
Mallinckrodt Chemicals. 
Note that all ppm numbers are given as delta values not 
tau values. 
,RESULTS AND DISCUSS ION 
The first NMR spectra run were of the simple <lien ligand 
in DzO. As can be seen from fig. (1) there are two peak 
groups; a triplet at 2.6 ppm and a ringing singlet at 4.6 ppm. 
The integral curve fits well with an interpretation which 
places eight of the ligand's thirteen hydrogens under the 
triplet at 2.6 ppm and five hydrogens under the singlet at 
4.6 ppm. This is as would be expected from the structure of 
the dien ligand which contains five N-H groups and four CHz 
groups. The triplet is formed by the four equivalent CHz 
groups coupling, causing each CHz to be split into a triplet.· 
The singlet is caused. by the five equivalent exchangeable 
hydrogens bonded to nitrogen. 
Next NMR spectra were run of the (Au(dien-H)Cl)Cl complex. 
It was run with n2o as the solvent. The concentration of the 
solution was 20% by weight of the complex. As can be seen 
from fig. (2) the singlet caused by the exchangeable hydrogens 
on nitrogen has remained in the same place, (note= fig. (2) 
is an NHR run with sweep width 1000 in contrast to fig. (1) 
whieh was run with sweep w;idth 500, this re~nilts in the 
chemical shifts appearing as 1/2 the value.) that is 4.6 ppm, 
while the triplet, now appearing as two peaks '\•Tith a broad 
base, is shifted to 3.6 ppm. The singlet in this case con- 
tains only four hydrogens since the complex was isolated in 
the form (Au(dien-H)Cl)Cl. The group at 3.6 ppm is once again 
caused by four CHz groups, but in this case, since the CH2 
groups are no longer equivalent in enviornment because the 
ligand has been forced into a square planar structure around 
the central gold ion, it does not appear as a simple triplet. 
Examination of fig. (2a) will help to visualize the confor- 
mation of the molecule. 
Next the Etz-dien ligand was examined. (see fig. (3)). 
Since these next complexes were not appreciably soluble in 
water deuterated acetone was used as an NHR solvent. As seen 
from fig. (3) the splitting pattern is rather complex. The 
ligand contains in all twenty-one hydrogens. The integral 
curve indicates six hydrogens under the peak group at 1.0 ppm. 
The group at 2.5 ppm is seen to contain twelve hydrogens. The 
single spike at 3.2 ppm contains the three remaining hydro- 
gens. 
The peak group at 1.0 ppm shows six discernible peaks; 
three large peaks forming a triplet and three other small 
peaks. The six hydrogens have been attributed to the two 
CH31s on the terminal ethyl groups. The single spike contains 
the three exchangeable hydrogens bonded to nitrogen. The 
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remaining peaks are caused by the six cn2 groups, two from 
the ethyl groups coupled with CH3•s resulting in quartets and 
the four other CHz's split. by CHz's resulting in triplets 
contained in the same large group of peaks. Nod-acetone 
peak is seen here since the spectra is run at a low amplitude. 
The next spectra were of the Etzdien complex in n2o. 
(see fig. (4)). Several abrupt changes were apparent. Some 
of the CH2 groups are now in a very different enviornment. 
The CH2 groups labeled (b) and (c) in fig. (4,a) are now 
found in a cluster at 1.9 ppm. The five peaked cluster at 
1.6 ppm is caused by the solvent d-acetone (11). The trip- 
let at 1.0 ppm which we saw in the ligand is found at the 
same field location but with a fourth peak. This indicates 
that in the case of the complex the 2 CH3 groups (labeled (a) 
in fig. (4,a) are not in equivalent enviornments. One 
suspects that the enviornment above the plane of the complex 
.is not identical to the one below the complex. This is con- 
ceivable if one looks at a drawing of the complex (fig. (4,b)). 
The drawing of the complex shows that the linkage groups 
between the nitrogen atoms ((c), (d) in fig. (4, a)) have a 
conformation such that the hydrogens bonded to them are more 
likely to be on one side of the plane of the complex than the 
other. This may be influencing the spectra. The cluster of 
peaks at 3.0 ppm integrates to contain eight hydrogens. Two of 
these are the two exchangeable N-H protons ((g) in fig. (4,a)). 
The remaining six protons are contained in the_ three CH2 
groups ((d), (e), (f) in fig. (4,a)). 
The fig. (4,c) shows a group found in the Varittn Catalog (ll) 
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and gives the assignments which Variun gave to each group. 
This lends support to the above interpretation of the spectra. 
The final spectra were for the Et4dien ligand and its 
gold (Ill) complex in ct-acetone. 
As can be seen from fig. (5), the spectra of the 
Et4dien ligand, interpretation is straightforward. The clear 
triplet at 1.0 ppm integrates to contain twelve hydrogens and 
is neatly explained by the four CH3 groups labeled (a) in 
fig. (5,a). The cluster at 2.5 ppm contains sixteen hydrogens, 
in other words the eight CH2 groups labeled b, c, and din 
fig. (5,a). The small peak at 1.9 ppm is the N-H peak 
(labeled (e), fig. (5,a)). 
The last, and probably the most interesting spectra, is 
that of the Et4dien complex of gold (III). (see fig. (6)). 
The triplet now at 1.5 ppm again contains twelve hydro- 
gens and is caused by the four CH3 groups being coupled with 
and split by their neighboring CH2 methylene groups. The 
group at 2.1 ppm is caused by the d~acetone solvent. The 
triplet at 2.4 ppm integrates to contain four hydrogens. 
These have been attributed to the 2 CH2 groups.adjacent to 
the central nitrogen. ((d) in fig. (5,a)). In the case of 
the ligand this central nitrogen was also bonded to a hydro- 
gen, CH2-NH-CH2, while in the case of the complex it is 
bonded to gold, CH2-N(Au)-CH2• In both cases the nitrogen 
is trivalent so we would expect the GHz groups to be shifted 
similar amounts. This is the case, in both instances the 
chemical shift is 2.4 ppm. The small peak at 2.8 ppm is 
caused by a H20 impurity. The last cluster of peaks is the 
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interesting group centered around 3.5 ppm. Eight peaks can 
be clea~ly distinguished •. Repeated sweeping of this peak 
group shows that a ninth peak is also present. The integral 
curve indicates that there are twelve hydrogens present. 
These have been attributed to the six CH2 groups which are 
bonded to each terminal nitrogen labeled (b) and (c) in 
fig. (5,a). This interpretation is supported once again by 
fig. (4,c) (11). 
The nine peaked cluster is then formed by the super- 
imposition of several types of proton9. First of all there 
are two triplets resulting from the linkage CH2 groups 
((c) fig. (5,a)) being split by the central CH2-N(Au)-cH2 
group. These are equivalent and so superimpose forming the 
triplet so evident in the nine peaked cluster. There are also 
four quartets (AB splitting pattern) caused by the ethyl CH2 
g~oups ((b) in fig. (5,a)) being coupled and split by the 
CH3 groups ((a) in fig. (5,a)). 
The four quartets and the two triplets (as one) overlap 
to form the nine peaked cluster. 
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SUMMARY 
The NMR spectra have supplied information which lends 
support to the hypothesis stated earlier in this paper, that 
is that the pseudo octahedral behavior of the Et4 <lien complex 
and other related complexes is at least partly caused by 
steric hinderance. The fact that the terminal ethly groups 
in the case of (Au(Et2dien-H)Cl)PF6 and (Au(Et4dien-H)Cl)PF6 
complexes find themselves in different (non equivalent) 
enviornment~ above the plane of the complex than below the 
complex indicates that the ethyl substitutes indeed lie above 
and below the central gold ion rather than extending out 
away from the ion. Were they extending away from the central 
ion rather than over it the linkage CH2 hydrogens could not 
influence their enviornment (see fig. (4,b), and they would 
be equivalent, thus superimposed in the spectra. It seems 
reasonable to assume that the alkyl substitutes are in 
locations which could cause steric inhibition to SN2 sub- 
stitution. 
lt is hoped that further work will be done to further 
elucidate the structure of these complexes. 
11 .. 
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